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The c 9 e f f i . c i e n t s  s;n?. s > ~ ? b o l s  use:: in t;?is r e p o r t ,  a r e  
based on the  saxe arezs ,  spans, and chords 2.3 ir- Teferecce 1. 
and a r e  c!ef'lne15- n f o I l o w s :  

E 

q b )  -q c )  

l e a k a g e  f a c t o r  
P( a) -9( c;I) 

air v e l o c i t y ,  feet per second 
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p i t c h i n g  x m e o t  of clodel r-bo7J.t a.n axis  p & . r a l l e l  
t o  md 9.125 ',nc'i?e.? ehead o f  rud2e r  hinge 
l i n s ,  foot -2ounds  

Z ~ E R  g e o m e t r i c  chord of vertical-tail model  
(excluding dorsa1  f i n )  , f e e t  

r o o t  near? square chord of r u d d e r ,  f e e t  

free-stream djinac,Lc press;Lre,  p~:ui&s per square 
f o o t  

If 
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of t h e  t o t a l  head and s t z t i c  p7essi i res  . i n  the a i r  Cuct 
were taker,. m e  of' t he  s t a t i c  p r e s s u r e  tubes  l o c a t e d  
ir: the  a?.? d a c t  d i d  n o t  f u n c t i o n  p r o p e r l y ;  t h e r e f o r e ,  
the a i r - d u c t  v e l o c i t y  da t a  p r e s e n t e d  h e r e i n  were based 
on the s t a t i c  p r e s s u r e  r e a d i n g . o f  one s t a t i c  tube .  

The 1.eakage f a c t o r  E was measured f o r  each of 
t h e  i n t e r z a l - b a l a n c e  c h m b e r s  i n  the  sane marxer a s  i-s 
d e s c r i b e d  i n  r e f e r e n c e  2.  

Je t -5oundary c o r r e c t i o n c  t o  t h e  i i f  t, rudder  hinge 
moment, p i t c h i n g  monent, drzg, ; ? r e s su re  d i f f e r e c c e  a c r o s s  
ba lhnce ,  and angle-of -a t t&ck x.sa.dings a e r e  t h e  same as  
those  used  i n  r e f e r e n c e  1. No c D r r e c t i o n s  were a p p l i e d  
f o r  t he  e f f e c t s  o f  t h e  model sup::ort ~ r i i  f a i r i n g .  

The r e s u l t s  o f  t h e  p r e s e n t  i n v e s t i g a t i o c  a r e  given 

The average leaka-ge f a c t o r  3 fop all the balance  

i.2 f i g u r e s  3 t o  6 .  

ckanbers  w a s  about  0.08 dur ing  all t e s t ? .  
g r e a t e r  t han  the  va lue  0.01 foun2  when the o r i g i n a l  m 2 e l  
was t e s t e d .  The re fo re ,  t h e  I r?_ternal-balance l eakage  must 
have been  slightly greater for th?  p r e s e n t  t e s t s .  k more 
c o c p l e t e  c i s c ~ s c l o n  ox lezliage f a s t o r ,  i n c l u d i n g  i t s  e f f e c t  
on f l a p  hin#ze-ixoXent c o e f f i c i e n t ,  car? :-.e foun? i n  r e f e r -  
ence %. 

This  va lue  i s  

P l e s t , .  were msde t=  d e t e r n i c e  t k e  a e r o d - p a n i c  c h a r a c t e r -  
i s t i c s  o f  t h e  v e r t i c a l  t a i l  ~ 5 t h  -ths d e - i c i n g  a i r  duc t  
spec ( f i , g .  3) and with t h e  a i r -d-uz t  e x i t s  s e a l e d  (fig. 4 ) .  
The velocity thrgiizh t h e  ope2 a i r  d.cct  reached a xaximm 
0'3 a:i?Qzt one-half  f r e e - s t r e a m  v e l o c i t y  a t  c: = 0" and 
decreksed  to z e r o  a t  about 212' argyle or" a t t a c k .  (See 
f i g .  3(f).) ..The e f f e c t  02 the v e l o c i t y  through t h e  fiuct 
when ru5,cier angle  i s  i n c r e a s e d  was e q u i v a l e n t  t o  a slFght 
dec rease  Fr, a-ngle o f  a t t a c k ,  t h e  r s t . i o  b e i n g  aboi;t 15  0 
r u d d e r ' a n g l e  t o  lo ang le  of a t t ac l r .  

The e z t r a ~ s e  t o  t h e  air duct 7,:'~s l o c a t e d  a si:ori; 
6ist.a;?ce sdove t h e  s tub  i'usel.age i n  8 s e c t l o n  o f  tkie 
lea?-ing edge o f  t h e  vertical t a i l  having a b o u t  50' .sweep- 
back.  (See f i g .  1.) It !.T l i k e l y ,  therefore , ,  t ha t  t h e  
a i r  flsw a t  t h e  c'iuct en t r&zce  WES f n c l i h e d  .toi:Jard- t h e  tis 

, .  
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of the  - ? e r t i c a l  t a i l  s u r f a c e .  I n d i c a t i o n  of  i n c l i c a t i o n  
of the  a F r  f l o w  a t  t h e  dvc t  el?t_rsnce T: ' J~S  fDuze i n  t h e  
duc t - s r e s s u r e  xeasurement 5 which showed t h a t  the d i f  f 'erence 
at an angle  of a t t a c k  of Zero between t;he t o t a l  head  i n  
t h e  du.ct, when t h e  6 u c t  e x i t s  were seslec?, and t h e  f r e e -  
streen s t a t F c  p r e s s u r e  was n o t  e q u a l  t o  t h e  f r e e - s t r e a m  
dynaxic p r e s s u r e  ( a s  i t  would kave been for s t r a i g h t  f low) 
bu. t  t o  approximately 11/19 free-s tTeem dynamlc p r e s s u r e .  
Xlien t h e  a i r  duc t  was open and 
s m e  i n s i d e  t h e  duc t  vas s l i g h t l y  g r e a t e r  t h a n  f r e e - s t r e a m  
s t z t i c  p r e s s u r e .  
o f  t he  r e s t s t a n c e  o f  t h e  duc t  t o  air flovr.  Tke i n c l i n a t i o n  
of  the  a i r  f low and the  r e s i s t a n c e  of t he  duc t  t o  a i r  flow 
would a c c o m t  f o r  tlne r e l a t i v e l y  l o w  alr v e l o c i t y  i n s i d e  
t h e  a i r  d u c t  compared wi th  f r e e - s t r e a m  v e l o c i t y .  

a = o", t h e  s t a t i c  p r e s -  

This d i f f e r e n c e  was pr>obabl?j the  r e s u l t  

k conpal-isor, o f  t he  r e s u l t s  o b t a i n e d  f o r  t h e  node1  

IYhen the  a i r  duct  was s e a l e d  o n l y  at. 
w i t h  the ail- d u c t  ~ p e i i  and. w i t h  t h e  air d u c t  sealec! i s  
g iven  i n  f i g u r e  5 .  
t h e  e x i t s ,  t h e  r e s u l t s  o b t c i z e 2  were v e r y  s i m i l a r  t o  those 
found f o r  the mod-el when t h e  duc t   as. open. S g f o r e  the 
dr ta  f o r  v e l o c i t y  through t h e  2ir duct  were computed, i t  
was thought ,  e r roneous ly ,  t ha t  t h e r e  was some leakage a t  
t h e  duc t  e x i t  a l lowing f low through ti?? cJ,uct. 
t e s t s  were made with t h e  a i r  d u c t  s e a l e d  n o t  o ~ l y  a t  i t s  
e x i t s ,  b u t  also a t  i . ts  e n t r a n c e .  B y  s e 2 l i n g  t h e  duc t  a t  
b o t h  i t s  e n t r a n c e  exi-ts,  x - e s u l t s ~  ryere o b t a i n e d  which 
d i f f e r e d  s l i g h t l y  f r o m  t h c - e  f 3 x d  when t h e  duc t  was open 
and when the  d w t  e x i t s  xeye c losed .  These d i f f e r e n c e s  
wJs t  have Seer, t h e  r c s c l t  of ci change in f l o w  o r i e l r a t i n g  
a t  t h e  duct  ez t r ance  when the d u c t  e n t r a n c e  1;iraa s e a l e d  x i t h  
%. stYei.2 o f  scotck: t r p 2 .  

"%erefore ,  

The va lues  of l i f t  c o e f f i c i e n t  o b t a i n e d  Y g i -  Lhe 
r e v i s e d  rcodei -cere g r e a t e r  2 h z c  t hose  o b t a i n e 2  for t h e  
a r i g i n z l  model. (See f i g .  6 . )  Th i s  i n c r e a s e  i u l  l i f t  :my 
be s t t r i b u t e d  t o  the dQesa l  fin and t h e  inc rensed  z i z e  of 
t h e  F t u 3  f u s e l a g e  on t h e  r e v i s e d  model. 

A s  sho?,vn i n  f i g u r e  6, t he  va lue  f o r  t he  v r r i a t i o n  
o f  rudder  hinge-moment c o e f f i c i e n t  w i t h  a a t  m a l l  
va lues  of a was nega t ive  f o r  t h e  r e v i s e d  model a2e 
p o s i t i v e  f o r  the  orfgl._n,al msdel.  The v a l u e s  f o r  the tws 
mod-els, hcwever, did n o t  6 i f f e r  b y  n o r e  t h a n  0.001, a 
d i f f e r e n c e  which m a g  b e  expecte? on any airi3lcLi?e and ca:-i 
b e  c o r r e c t e d  by a zpying t a b ,  If a s p ~ i r g  tab i s  tc be 
used  t o  c o r r e c t  f o r  thi:: d i f f e r e n c e ,  i t  i s  a.dvised t ha t  3 
nega t ive  j-ncpease ir, b a s i c  ~ja1 idc  f , 2y  tlic -~q- ia i ; '  " L *  ' l u l l  -n a f  
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T a c k i e r  hinge-Eomcnt c o e f f i c i e c t  with rudder  ~ i - i g l e  be 
e f f e c t &  ( t o  a t  leziist -0.003 8 s  exp la ined  i n  r e f e r e n c e  3 ) .  
The v a r i a t i o n  c.f rudider hinge-mcxent c o e f f i c i e n t  T i r i t h  6, 
a t  small  anglss of 5 r  was E b O U t  t h e  sa:e f o r  3 0 t h  t h e  
originai and r e v i s e d  xoc'tels.. !-it l a r g e  r u u d e r  a n g l e s ,  t h e  
rudder hinge-moment c o e f f i c i e n t  xzs  l a r g e r  f ~ z -  t h e  r e v i s e d  
m d e l  -L'i?an for t h e  o r i g h e l .  ' T h i s  iEc rezse  i n  Chr a t  
large ang les  of 6, would : d i e  rno1-e c r i t i c a l  t h e  attain- 
x e n t  of' d e s i r e d  pedal force and. t k s  would a f f e c t  t h e  
es t i ina t ior , s  made i n  r e fe rence  1 of t h e  c h a r f i c t e r i s t i c s  o f  
t he  -72-12 a i r p l a n e .  

C OYC LU S I 3 :J 

The r e s u l t s  of tlne t e s t s  GL? the r e v i s e d  l / 6 - s c a l e  
m d e l  of t h e  ;P-12 v e r t i c a l  t n i l  inciicatec? t h a t  the a i r  
duc t  had verv  l i t t l e  e f f e c t  o c  t h e  aeroevna?oic c h a r a c t e r -  " 
Istics of' the  model. A spa11 change occur r?d  i n  t h e  vari- 
ation of rud6er  hlnge-moment c o e f f i c i e r t  with a n s i e  of _- ~+- tack  '-.,,C. I t  ! s  b e l i e v e d  that t h i s  cha ige  can be c o r r e c t e d  
by a p r o p e r l y  applTeC spring tab. 

Langley EZexo~ i a1 Aeronaut i c a1 Lab G Fa t 3 77 
Nal;ional Advisory Covmittee for Aeronaut ics  

Langley Fie lc i ,  Va, 
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